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Abstract 

In a setup of type IIB superstring compactification on an orientifold of a T®/Z 4 
sixfold, the presence of geometric flux (ta) and non-geometric fluxes {Q, R) is im¬ 
plemented along with the standard NS-NS and RR three-form fluxes {H, F). After 
computing the F/D-term contributions to the M = 1 four dimensional effective 
scalar potential, we rearrange the same into ‘suitable’ pieces by using a set of new 
generalized flux orbits. Subsequently, we dimensionally oxidize the various pieces 
of the total four dimensional scalar potential to guess their ten-dimensional origin. 
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1 Introduction 

String compactihcations and gauged super gravities have quite remarkable connections 
via relating the background fluxes in the former picture with the possible gaugings in 
the later one [D El El 12 0 El [a m E]. Application of successive T-duality operations on 
three-form i^-flux of type II orientifold theories results in various geometric and non¬ 
geometric fluxes, namely cu, Q and R-fluxes. Moreover, in a setup of type IIB superstring 
theory compactihed on T®/(Z 2 x Z 2 ), it was argued that additional fluxes are needed to 
ensure S-duality invariance of the underlying low energy type IIB supergravity, and in 
this regard, a new type of non-geometric flux, namely the P-flux, has been proposed 
as a S-dual candidate for the non-geometric Q-flux [2 EDI E]. The resulting modu¬ 
lar completed fluxes can be arranged into spinor representations of SL{2, Z)^, and the 
compactihcation manifold with T- and R-duality appears to be an P-fold [la EEl E] 
where local patches are glued by performing T- and F-duality transformations. Since 
fluxes can induce potentials for various four-dimensional scalars, the same are useful for 
moduli stabilization and constructing string vacua, and hence connections with gauged 
supergravity provide a channel to look into phenomenological window, see [12 [12 EZ] 
and references therein. Moreover, in recent years, non-geometric setups have been found 
to be useful for hunting de-Sitter solutions as well as for building inflationary models 
[T8l EH Eni ED ED ES]- ^ consistent incorporation of various kinds of possible fluxes 
makes the compactihcation background richer and more flexible for model building. 

Although the origin of all the geometric and non-geometric flux-actions from a ten¬ 
dimensional point of view still remains to be (clearly) understood, there have been signifi- 
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cant amount of phenomenology oriented studies via considering the 4D effective potential 
merely derived by knowing the Kahler and super-potentials. However, some signihcant 
steps have been taken towards exploring the form of non-geometric lOD action via Dou¬ 
ble Field Theory (DFT) [21] H as well as supergravity [H EH] [29] El- In this regard, 
toroidal orientifolds have been always in the center of attraction because of their rela¬ 
tively simpler structure. Moreover, unlike the case with Calabi Yau compactihcations, 
the explicit and analytic form of metric being known for the toroidal compactihcation 
backgrounds make such backgrounds automatically the favorable ones for performing 
explicit computations. Therefore, the simple toroidal setups have served as promising 
toolkits for investigating the effects of non-geometric fluxes and also in studying their 
deeper insights via taking baby steps towards knowing their ten dimensional origin. For 
example the knowledge of metric has helped in anticipating the ten-dimensional origin of 
the geometric flux dependent [5] as well as the non-geometric flux dependent potentials 
[251 [29] . Considering a general form of superpotential with the presence of H, u, Q, 
/?-fluxes in a simple T®/(Z 2 x Z 2 ) toroidal orientifold of type IIA and its T-dual type 
IIB model, the subsequently induced four dimensional scalar potentials have been oxi¬ 
dized into a set of respective pieces of an underlying ten-dimensional supergravity action 
[25] . This dimensional oxidation process has suggested some peculiar flux combinations 
to be useful in the ten-dimensional picture, and the same have been further extended 
with the inclusion of P-flux, the S-dual to non-geometric Q-flux in [29]. In addition, 
with recent attractions triggered in developing axionic models of inflation after BICEP2 
and PLANCK l3f\ \3^ a generalization of /25|. \2^ to include involutively odd axions 
B 2 and C 2 is desirable not only from the point of view of seeking better understanding 
of the non-geometric lOD action but also for axionic inflation model building. For ex¬ 
plicit construction of some type-IIB toroidal/CY orientifold examples with odd-axions, 
see [371[351l39llinillllll2lll3]. 

Motivated by these aspects, in this article, we implement the presence of odd-axions 
in the dimensional oxidation process of [25] via considering the untwisted sector of type 
IIB superstring theory compactihed on an orientifold of T®/Z 4 . This setup happens to be 
nontrivial enough as compared to the mostly studied toroidal example o/T®/(Z 2 x Z 2 )- 
orientifold in two sense: (i) Having h]l^{X) = 2, it can accommodate the involutively 
odd axions, and hence can have the structure of usual flux orbits being corrected via 
B 2 -axions similar to type IIA compactification on T®/(Z 2 x 1 ^ 2 )-orientifold case 
and (a), it can induce D-terms involving non-geometric R-fluxes also due to non-trivial 
even (2,1)-cohomology as hf^{X) = 1. On top of these, this setup represents the case 
of frozen complex structure moduli as h?J^{X) = 0, and hence is simple enough for 
explicit computations. With these ingredients, the present toroidal setup provides some 
interesting and enlightening features of ten-dimensional origin of the 4D non-geometric 
type IIB scalar potential. 

The paper is organized as follows: the section [2] provides some relevant features of type 

^For recent reviews and more details on flux formulation of DFT, see Esiiiniiiz]- 

^Related to the study of ten-dimensional non-geometric action, see also [30l|3Tl|32] in /3-supergravity 
framework as well as [33] for exceptional field theory. 
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IIB orientifold compactifications followed by an explicit example of T®/Z 4 -orientifold. In 
section [21 we compute the full scalar potential via considering F- and D-term contribu¬ 
tions. In addition, we invoke the various corrections to flux orbits induced by inclusion of 
odd axions. Using these new flux-orbits, in section |H we hrst rearrange the total scalar 
potential into ‘suitable’ pieces which are subsequently oxidized into a ten-dimensional 
non-geometric action. Finally we conclude in section [5] with a short appendix 1X1 providing 
various components of fluxes/moduli allowed under the orientifold action. 

2 Setup 

2.1 Type-IIB orientifolds and splitting of various cohomologies 

Let us consider Type IIB superstring theory compactihed on an orientifold of a Calabi- 
Yau threefold X. The admissible orientifold projections fall into two categories, which 
are distinguished by their action on the Kahler form J and the holomorphic three-form 
ria of the Calabi-Yau (44j : 

\VL„a with = = his, 

[(—with a*{J) = J, a*{Q 3 ) = —Q 3 

where hip is the world-sheet parity transformation and Fl denotes the left-moving space- 
time fermion number. Moreover, a is a holomorphic, isometric involution. The hrst 
choice leads to orientifold 09- and 05-planes whereas the second choice to 07- and 
03-planes. The (—)^^ Qpa invariant states in four-dimensions are listed in table [H 



0 

dfJ.u 

B 2 

Co 


^4 


+ 

+ 

+ 

— 

— 

— 


+ 

+ 

— 

— 

+ 

— 

a* 

+ 

+ 

— 

+ 

— 

+ 


Table 1: Orientifold invariant states. 

The massless states in the four dimensional effective theory are in one-to-one corre¬ 
spondence with harmonic forms which are either even or odd under the action of a. 
Moreover, these do generate the equivariant cohomology groups Let us hx 

the following conventions for the bases of various equivariant cohomologies counting the 
massless spectra, 

• The zero-form: 1, which is even under a. 

• The even two-forms: /ia, counted by a = 1,...., 

• The odd two-forms: counted by a = 1,...., . 

• The even four-forms: pa, counted by a = 1,...., 
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• The odd four-forms: z/q, counted by a = 1 ,. 

• A six-form: $6 = dx^ A dx"^ A dx^ A dx^ A dx^ A dx^, which is even under a. 

Here, we take the following dehnitions of integration over the intersection of various 
cohomology bases, 


[ = /, [ A /i^ = d£, [ z/„ A = dj’ 

Jx Jx Jx 

I A fijS A I /iQ, A Z/fl, A Ujy ^aafe (^•^) 

Jx Jx 

Note that if the four-form basis is chosen to be dual of the two-form basis, one will 
of course have d£ = and dj’ = 5^. However for the present work, we follow the 

conventions of [IS], and take the generic case. In addition to the splitting of H‘^{X) 
and its dual if^(X)-cohomologies, we also need to know the splitting of three-form 
cohomology H^{X) into even/odd eigenspaces under a given involution a. Considering 
the symplectic basis for these even and odd cohomologies H^{X) and H^{X) of three- 
forms as symplectic pairs {aK,b^) and respectively, we £x 


[ aKAb-^ = SK^, [ AkAB^=6k^ (2.3) 

Jx Jx 

Here, for the orientifold choice with 03/07-planes, set of values {J,K} ^ 
counting the vector multiplet while {j,k} ^ connts the number of complex 

structure moduli. For orientifolds with 05/09-planes, the counting of indices goes as 
{J, iC} e { 0 ,..., h^/} and {j, k} e { 1 ,..., h^/}. 

Now, the various held ingredients can be expanded in appropriate bases of the equiv- 
ariant cohomologies. For example, the Kahler form J, the two-forms i? 2 , O 2 and the R-R 
four-form O 4 can be expanded as jH] 

J = O /ic., B 2 = 6 “ Z^a, C 2 = c“ Ua (2.4) 

O 4 = D 2 A Ha + A ttK + Uk Ab^ + Pa /h" 

where t°‘ is two-cycle volume moduli, while c“ and Pa are various axions. Further, 

{U^, Uk) forms a dual pair of space-time one forms and is a space-time two-form dnal 

to the scalar held pa- Dne to the self-duality of the R-R four-form, half of the degrees 
of freedom of C 4 are removed. Note that the even component of the Kalb-Ramond 
held R+ = though not a continuous modulus, can take the two discrete values 

6 “ G {0,1/2}. Further, since a* rehects the holomorphic three-form, in the orientifold 
we have h^_!^{X) complex structure moduli z°' appearing as complex scalars. Finally, 
one has the following table summarizing the J\f = 1 supersymmetric massless bosonic 
spectrum 03, 


5 


chiral multiplets 

K 

1 

(6“, c“) 
(0,C’o) 

vector multiplet 

hf 


gravity multiplet 

1 

dfj.l' 


Table 2\ M = 1 massless bosonic spectrum of Type IIB Calabi Yau orientifold 

Using the pieces of information developed so far, one can collect a complex multi-form 
of even degree defined as under @61117], 

^even ^ ^ CRR + i (2.5) 

= {Co + i e-^) + {C2 + {Co + t e-^)B2) 

+ ^ + C2 A B2 + 2 f e '^)B 2 a B2 — — e ^ J A J 

= T + G^ + 

This suggests the following forms for the appropriate chiral variables appearing as the 
complex bosons in the respective M = 1 chiral superhelds, 

r = Uo+ie-‘^, G'“ = c“ + r 6 “, (2.6) 

pa + +]^T kaabV" ^ . 

Here, we have changed the four-cycle volume moduli into Einstein-frame by absorbing 
e“'^ factor (appearing in A J) in eqn. fl2.5p via redehning the two-cycle volume 

moduli as Je = J. In the dehnition of variable T^, we have dropped in index ‘E’ in 
Also a redehnition of the intersection numbers as compared to the ones given in the 
dehnitions of eqn. fl 2 . 2 p is made as: and kaab = kgab- 

The low energy effective action at second order in derivatives is given by a super¬ 
gravity theory, whose dynamics is encoded in a Kahler potential K, a holomorphic 
superpotential W and the holomorphic gauge kinetic functions. These building blocks 
are written in terms of the aforementioned appropriate chiral variables. In our case of 
present interest, the generic form of Kahler potential (at tree level) is given as, 

A = - In (-z(r - r)) - In ^ ^3 A ^ 3 ^ - 2 In {Ve (r, T«; r, T„)) (2.7) 

where Ve is the Einstein frame volume of the Calabi-Yau manifold. Unfortunately, Ve 
is only implicitly given in terms of the chiral superhelds as it is, in general, non-trivial 
to invert the last relation in 02.61) . 
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To express the various geometric as well as non-geometric fluxes into the suitable ori- 
entifold even/odd bases, it is important to note that in a given setup, all flux-components 
will not be generically allowed under the full orientifold action O = VLp{—)^^a Pi- For 
example, under the effect of (r2p(—)^^), only geometric flux u and non-geometric flux 
R remain invariant while the standard fluxes F, H and non-geometric Q-flux are anti¬ 
invariant mu- Therefore, under the full orientifold action, we can only have the following 
components of the standard fluxes {F,H) and the geometric as well as non-geometric 
fluxes (cn, Q and R), 

F = {Fk,F’^) ,H = ,00 = {uJa^OOak, ^a^,0OaK), 

R = {Rk, R^), Q= {q^^, Q^k, , (2.8) 

The structure in which the presence of these flux-components is manifest, can be arranged 
via the possible three-form components as under [15] . 

H = + F = F'^Ak + FkB\ (2.9) 

= Va) = OOa^ Ak + OO^kB^ = (Q > /f“) = A + 

Ua = (0J< ha) = i^a^CLK + = (Q > Z/“) = ttR + Q°‘, 

i? • $ = R^aK + Rxb^ 


These are relevant for writing down the superpotential contribution as we will see in a 
moment. Moreover, with these definitions, we have the following non-trivial actions of 
fluxes on various 3-form even/odd basis elements [15], 


H A Ak = -f-^Hk^,, 
uo<Ak= 

H AB^ = 
oo<\B^ = - 

(2.10) 

Qt>Ak = -{d~^^ ^QkfJ-f}, 



R* ax = Rk 1, 

R»b^ = -f-^ R^ 1 

(2.11) 

uj<aK=(d~^^ 

u <b^ = — j ^doji^ jF 


Q>ax = - {d~^)^''Q k J^b, 

Q>6^= 



For writing the flux-superpotential, we further need to define a twisted differential op¬ 
erator, P involving the action from all the NS-NS geometric as well as non-geo metric 
fluxes. Following the conventions of |15|, the same can be expressed as, 

V = d + H A.—oo<. + Q\>. — R». (2.12) 


Now, a generic form of flux superpotential, which includes all the allowed geometric as 
well as non-geometric flux contributions, can be considered as. 


W = 


' X 


F +W 


A n.q 


(2,13) 


J 3 


'X 


F + tH + UaG^ + T„ 


A riQ. 
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Note that, only odd-cua and even-Q" components of geometric and non-geometric fluxes 
are allowed by the choice of involution to contribute into the superpotential. Further, 
the holomorphic three-form, fls which is odd under involution, can be generically written 
in terms of coordinate- and period- vectors in the symplectic basis {Ak, B^) as under, 

n^ = Z'^Ak-J^kB^ (2.14) 

Using the dehnitions of various flux-actions given in fl2.9p . we have the following expan¬ 
sion of the three form appearing in 02.1311 . 


[f+ tH + ujaG'^ + (2.15) 

= + + A +{Fk + THk + uak + Q^k T„) B’^ 

Subsequently, one arrives at the following generic form of the superpotential 


W = - 


Fk + rEk+UakG'^ + Q'^kT^ 2 


(2.16) 


F' + Ti/* + w„‘G“ + <3“‘r„) j) 


As also observed in Haim, one should note that R-flux does not appear in the super¬ 
potential. In the absence of non-geometric P-flux which is S-dual to Q-fluxes, this form 
of superpotential is generic at the tree level. 


2.2 An explicit example: Type IIB on a T®/Z 4 -orientifold 

We consider the type IIB superstring theory compactihed on a toroidal orbifold T®/Z 4 
with the following redehnition of complexihed coordinates on T® |45j . 

(x^ + i x'^) 

z'^ = x^ + ix^ + (-^1 ^ ^, 2 ^ 

z^ = x^ + ix^ (2.17) 

The orbifold action Z 4 is given as 

0 (^ 4 ) : (z^,z‘^,z^) —> {iz^,iz^,—z'^) (2.18) 

The holomorphic involution a is chosen to be, 

a : (z\ z^) (-e*G4 ^3^ ^2.19) 

The hodge number for T®/Z 4 orbifold is = 1 and = 5 which results in splitting 
into even/odd eigenspaces of (l,l)-cohomology with h};^ = 3 and = 2 and those 
of (2,l)-cohomology with = 1 and = 0. This even/odd splitting of hodge 
numbers ensures that there are three Kahler moduli and two involutively odd axions 






G“. Further, there will not be any complex structure moduli, however a vector multiplet 
will appear in the four dimensional M = 1 effective theory due to non-trivial ( 2 , l)-even 
sector as = 1 . 

Now, the three involutively even- and two odd-harmonic (l,l)-forms can be written 
in the following manner [l5]. 


hi 

h2 

h3 


and 


- {dz^ A dz^ + dz^ A dz^) = dx^ A dx"^ + dx^ A dx'^ (2.20) 

—;= (dz^ A dz^ — dz^ A = dx^ A dx^ + dx^ A dx'^ — dx'^ A dx^ + dx'^ A dx^ 

2x/2 ^ ^ 

^ {dz^ A d#) = dx^ A dx® 




1^2 


1 - 

e“ 


- (^dz^ A d^^ -|- i dz^ A d^;^) = 

•27r/4 


4 


(d^;^ A d^r^ 


i dz^ A dz"^) 


dx^ A dx^ — dx^ A dx‘^ + dx^ A dx^ -|- dx"^ A dx^ 
= dx^ A dx^ — dx^ A dx^. (2-21) 


The respective even/odd dual four-forms can be written as under. 

Even : /i^ = /xi A yU. 3 , = /i 2 A /is, ^ /ii A /ii 

Odd : z/^ = z/i A /is, = z /2 A /is (2.22) 

The toroidal orientifold under consideration also has a single non-trivial six-form 

$6 = dx^ A dx^ A dx^ A dx'^ A dx® A dx® (2.23) 


while there is no harmonic 1-form and the dual hve-form. For the present setup, the 
details of various non-vanishing intersection numbers dehned in eqn. fl 2 . 2 p . are given as 
under [45] 


/ 







(2.24) 


Now, as one can expand the (l,l)-Kahler form J as J = fii +fi 2 +from eqn. 
fl2.4p . therefore using the intersection numbers given in eqn. fl2.24p . the volume of the 
sixfold in Einstein frame is simplihed as. 


VB = l^JAiA J =i(=> 


(2.25) 


where the Kahler cone conditions for Einstein frame two-cycle volume moduli are given 
as > 0, > 0 , (f^)^ > 2 (t^)^ to ensure the positive dehniteness of the overall volume. 
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3 Scalar potential and search of new generalized flux 
orbits 

The four-dimensional scalar potential receives contributions from F-terms and D-terms, 
which we discuss in detail now. Subsequently, we will come to the search of some new 
generalized flux orbits at the end of this section. 


3.1 F-term contributions 

The F-term contributions to the M = 1 scalar potential are computed from the Kahler 
and super-potential via 

Vf = e^(K^WiW D-jW . ( 3 . 1 ) 


Writing the Kahler potential (K) 


To express the Kahler potential in terms of chiral variables, we have to rewrite the volume 
expression fl 2 . 25 p . Note that, the last term in represents the Einstein frame valued 
volume of the even four-cycles, and can be expressed in terms of the two-cycle volumes 
t“’s. For that purpose, a simplihed version of chiral variables Tq, is, 

which using Cq = Cq, e“'^ = s and intersection numbers given in eqn. fl 2 . 24 p results in 


Pa T ^aab ^ ^ 2 ^O^aab 


bay> 


( 3 . 2 ) 


T„ = -i 


- f^aBa - 

2 2 


Ti = -i ti ts -F pi, T2 = -i t 2 ts + P 2 


( 3 . 3 ) 


n = 


{ti — 2 ^2) + s { 2 b'l + h\) 


+ ( P 3 ~ 46i Cl — 262 C 2 — Co (2 h\ -|- h\) 


From now onwards we switch the upper indices in t°‘’s and b°'/c°‘’s to the lower places for 
simplicity in presentation. Considering Im(Ta) = —Ta results in 


Ti — tits ai, T2 — t2 ts a2, 

T3 = (^1 “ 2^2) + s { 2 bl + b\) ;= (T3 -|- s (2 b\ + b^), 


( 3 . 4 ) 


where we have also expressed Einstein-frame quantities cTq, := 4 t^fi in terms of Ta’s. 
Subsequently, the overall volume given in eqn. fl 2 . 25 p can be rewritten as below. 


^E = - \Jrl-2TfljTs 

-2sb\ 

- sbl = 


Now, the Einstein frame internal metric 

is 




( 

0 

t^ 

-F 0 

0 \ 



0 

t^ 

e 

F 0 

0 


E 

F 

t^ 

F 

0 0 

0 


9ij — 

-e 

F 

0 

F 0 

0 



0 

0 

0 

0 F 

0 



V 0 

0 

0 

0 0 

F yl 



2aly/af, 


( 3 . 5 ) 


( 3 . 6 ) 
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which can be rewritten in terms of r^’s by using the relations: ti = t 2 = 

and ts = ■ Note that, the NS-NS axions appear in the internal metric while 

the same being written in terms of Tq’s. Further, these four-cycle volumes r^’s have to be 
further expressed in terms of appropriate Af = 1 coordinates {r, Tq,, G“} given as follows. 


VE = VEiT^,S,Gn = \ 


4(r — r) 




X 


z(Ti-Ti)" ' 





1/2 


(3.7) 


Given that = 0 in the present case, the complex structure moduli dependent 

part of the tree level Kahler potential defined in (12.7p is just a constant piece which can 
be nullihed via an appropriate normalization (i fx^s A ^ 3 ) = 1. For example, we can 
consider = 1 and J^o = —i, and subsequently the canonically normalized holomorphic 
three-form G 3 given in (12.1411 can be expressed as, 

^3 =j^{Ao + tB^). (3.8) 

An appropriate normalization is important to make, and will be crucial later on while 
establishing the match among the two scalar potentials; one computed from K and W 
(plus D-terms) while the other one coming from the dimensional reduction of a lOD 
oxidized conjectural form. Now, by using the volume form (13.7p . the simplihed Kahler 
potential expression to be heavily utilized later simplihes down to the form, 

K =-ln(-z(r-r))-2 1nVi5(T„,r,G“;T„,r,^) (3.9) 


Writing the superpotential {W) 

Using eqn. (13.8p for canonically normalized holomorphic three-form 123 , fhe generic 
non-geometric flux superpotential expression given in (I2.16P simplihes as under. 


W = 


1 

7 ! 


^/o + T ho -|- CJaO -\- Q^o 



(/° + rh° + a;,°G“ + Q“°T„) 


(3.10) 


where indices are summed with a = 1,2,3 and a = 1,2 corresponding to three even 
(complexihed) divisor volume moduli and two odd-axions. Now, one can compute the 
F-term scalar potential using this superpotential (13.101) and the Kahler potential given 
in (13.op . Note that, although when considered in real six dimensional basis, there are 10 
independent geometric hux (cJij^) as well as 10 independent non-geometric hux 
components which are allowed by the orientifold projection as detailed in appendix lAl 
however for huxes counted by the complex indices, this superpotential (I3.10p effectively 
involves only 4 geometric hux (a;°, ujao) components and 6 non-geometric hux components 
Q°‘o)- In feet as we will see later, there are additional 6 geometric hux components 
(cJq,^,cJqi) and 4 non-geometric hux components {Qa^,Qai) with complex-index which 
appear via D-term. Here one should recall that k = 0, K = l,a = 1,2 and a = 1, 2, 3. 
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3.2 D-term contributions 


In the presence of a non-trivial sector of even (2,l)-cohomology, i.e. for ^ 0, there 

are additional D-term contribntions to the fonr dimensional scalar potential. Following 
the strategy of na. the same can be determined via considering the following gange 
transformations of RR potentials Crr = Cq + C 2 + C 4 , 

Crr = (cq -|- C°'Va + A Qr + Ur A 6^ -|- D 2 A Pa) (3-11) 

-1 Crr + Ur + \Rb^) 

Recall that the pair {Ur, U^) appear in the expansion of RR fonr-form C 4 as given 
in Eqn. 02.41) . The dimensional redaction of RR fonr-form on three-cycles can indnce 
the relevant gauge helds in the four dimensional theory. Now using the flux actions on 
symplectic basis {aR,b^), the second line of eqn. 03.111) can be expanded as under, 

CRR + T>{X^aR + XRb^) (3-12) 

= A + (co - /-^RrX^ + f-^R^XR) + {c’^ - {d-\^Q'^RX^ + u, 

+ (p„ - /!“ + {{U^ + dX^) A + {Ur + dXR) A b^) 

Note that the pair {Xr, X^) also ensures the 4D gauge transformations of quantities 
{Ur, U^) as U^ —)■ U^ -|- dX^ and Ur —)■ Ur -|- dXR. Recollection of various pieces 
as given in eqn. 03.121) implies a shift in the respective RR axionic parts of the chiral 
variables {r, G“,Tq} via a redehnition of Co,c“ and pa respectively. Subsequently the 
relevant variations of the chiral variables r, and Tq, are given as, 

5t = 5co = -T^RrX^ + /-^R^Xr, (3.13) 

(5T„ = Va = -{d-%^djf,KX^ + {d-^)JCjf,^XR 

Following the strategy of [HI HQ], and given that the superpotential 02.131) is neutral 
under the gauge transformation 03.111) . the D-terms can be computed through the Kahler 
derivatives and variation of chiral helds 03.13p via Di = i {dAK){S(j)f) where (j)A = 
{r, G“,To} and 6 (j)^ = X^{ 6 (j)f) -|- Aj((50^*). This results in the following D-terms, 


Dr = -i 


f-^RR {drK) + {daK) + {d^K) 


'-D P, 


( 3 . 14 ) 


D^ = i 


f-^R^ {drK) + (d-')6“g'^ {daK) + {d-^)a.f^UJfS^ {d'^K) 


T-lN ar^bK 




Note that we have both types of D-terms {Dr, D^) unlike [15] as we have not performed 
the symplectic transformations to rotate away half of the D-terms, namely D^. These 
two D-term pieces contribute to the four dimensional scalar potential in the following 
manner [45] . 

= l{Re (3)-^-^^ DjDr + ^{Re 3 )-^jr D^, ( 3 . 15 ) 
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where {Re &) and {Re 0) ^ jK represents the electric and magnetic gauge-kinetic 
couplings. These can be determined by considering the holomorphic three-form before 
orientifolding, say which can be given as, 

Ak-J^kB^+ aK-Gxh^ (3.16) 

where Rk and Qk are both considered to be functions of and arising from Af = 2 
prepotential before orientifolding is done. The electric gauge kinetic coupling is given by 

na. 


‘Skj = - 


1 

2 



at 


(3.17) 


Similarly, magnetic gauge kinetic couplings, 0 are computed by interchanging ax and 
by a symplectic transformation. Note that, gauge kinetic couplings (0 and 0) are 
holomorphic functions of complex structure moduli. Now using the expressions for the 
generic tree level Kahler potential fl3.9p . one hnds that [Bj 

drK = {Ve - , (3.18) 

dc.K = Ot K = 

G 2Ve 2Ve 


Subsequently, we have 


Dk = 


2sVe L / 


Rk 


Ve - -Kabt°'b%'^ ) + s{d )b'"Q K Kact°'b^ - sR UJaK 


(3.19) 


= 


2sVf 


K 


T 


.a K 


Ve - -KabtW + s Kact^R -srz 


This form of H-term suggests the use of some new flux combinations as we will discuss 
later. 


3.3 Intuitive search for the generalized flux orbits 

Let us perform an intuitive search for the correct flux combinations in the form of new 
generalized flux orbits modihed by the presence of odd axions B 2 and C 2 . Later on, we 
will show how our conjectured form of the new flux orbits is useful for a rearrangement 
of the total scalar potential via explicit calculation. For that purpose, we look into the 
superpotential components via the following three-form factor 

(^F + tH+ ojaG'^X 

= + coa'^ T„) Ak X ^Fk X r Rk X coak + Q^k T„) S" 
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Now using the expansion of chiral variables we can club the different pieces into the 
following manner, 


F + tH + T, 

+ i (stf) -i 


(3.20) 


ak 


(Tr 


•Ak + 


Ffc + f (sHfc) -i a, 




where the symbol (Jq, represents Einstein-frame four cycle volume given as: cTq, = ^ 

and we propose the following flux combinations which generalize the Type IIB orientifold 

results of [28] with the inclusion of odd axions, 


= h\ 


T k — Q^ki 

l^k = 


Tfc — f k F Cq hk 
W’^ = f + Co 


(3.21) 


where 

h'^ = H^ + a;/ F + , 

fk = Fk + UJak c“ + {Pa + , (3.22) 

f^ = F^+ a;/ c“ + (p« + k^a,c%^) ■ 

This is interesting to observe that similar to type IIA compactihcation on T®/(Z 2 x Z 2 )- 
orientifold case [28], the flux is receiving corrections of {^< 82 )- and Q>(i ?2 AB 2 )-type, 
also in the type IIB orientifold case. However, the same will not have a correction of 
R* {B 2 AB 2 Ai? 2 )-type because, such terms will involve intersection numbers kabc which 
are zero by orientifold construction itself. Also, while invoking the new flux orbits, we 
hnd that RR flux, F 3 is having a correction of (a;<C 2 )- as well as Q>(C '4 + C 2 AR 2 )-type. 

Now, motivated by the type IIA generalized flux orbits proposed in [28], it is tempting 
to guess that odd-indexed geometric flux components {ojaki^a^) will receive contributions 
of type Q\> B 2 as under. 



l^ak=UJak + Q^k [id-^)yksabb’’) 


Ua^=Ua^ + Q^’^ (^{d-^)rksabb^) 






(3.23) 


However orientifold invariance does not allow for the presence of non-geometric R-fluxes 
in new geometric flux components 13ak and 13■ 

Now let us also see if there is a possibility of combining other fluxes to construct 
corrections for geometric-flux orbits with even-indexed {K G h^^{X)) components. For 
that, we observe that we can rewrite the D-terms in eqn. fl3.19p relevant for in the 
following manner. 


Dk = 

= 


1 


2sVe 

1 


2sVe 


r^RKVE-sFUa^K 
J-^R^Ve-sFU 


06 K 
06 


(3.24) 
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where the generalized version of geometric flux components are collected as under, 



i}aK — l^aK “ (d ^)b‘ K 





(3.25) 


Therefore, we have a generalized version of the even/odd components of geometric flux, 
and for non-geometric flux it can be analogously given as under. 


= Q“ = (Q > i>“) = aK + Kh^ (3.26) 


where 


^aK ^ QaK _ f-1 ^ ^ ga_ f-1 


In ISO], a modular completion of all these NS-NS and RR flux orbits have been proposed 
with the inclusion of P-fluxes which are S-dual to non-geometric Q-fluxes. 

4 Suitable rearrangement of scalar potential and di¬ 
mensional oxidation 

Now, we will represent the four dimensional scalar potential into suitable pieces by 
utilizing our new generalized flux orbits and subsequently we will look for the possibility 
of oxidizing those pieces into ten dimensions. Here we will rewrite the full scalar potential 
in a particular form. The reasons for this rearrangement are as followings, 

• The well known Bianchi identities expressed with background fluxes written in real 
six dimensional indices are given as [5], 



(4.1) 


where underlined indices are anti-symmetrized. Now, one has to compute the total 
scalar potential by converting all fluxes, appearing in the superpotential eqn. fl3.10p 
and D-term eqn. fl3.24p . into real index components such as (hfjjfc, 
and Fijk). Subsequently, we can use this set of Bianchi identities fl4.ip to simplify 
the total potential. 

• The subsequent representation of scalar potential is what we call a ’suitable’ rear¬ 
rangement, as it will be directly useful for invoking its ten-dimensional origin. 
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Fortunately, for the current toroidal setup, we can convert the superpotential fl3.10jl as 
well as the D-term fl3.24p expressions into the ones written with real indexed flux compo¬ 
nents. This is the beauty of simplicity of toroidal models in which one can analytically 
compute all the relevant data including the internal six dimensional metric (unlike a 
generic CY case) for performing an explicit computation. 


Rewriting the new generalized flux orbits 

Let us hrst recall the various flux orbits and summarize those at one place. The flux 
orbits in NS-NS sector with orientifold odd-indices k G are given as, 

Hfc = Rfc + Uak Q hab 

= + oJa^ 6“ + Q (d-1) j ksab (4.2) 

l^ak = UJak + Q^k ((d-')i hab ((d-')^ kab 

= Q“a:, 

while the flux components of even-index K G h+^(X) are given as, 

^aK = (^aK “ (d”^)b“ QV (Lac Rr 

- {d-\^ (kaach^)+f-^ (^Lab 

- /-' d,“ {Rk fc'), - /-' db^ {R^ b^), (4.3) 

Rk = Rk, R^ = R^. 

The RR three-form flux orbits are generalized in the following form, 

fk= Rk+ OOak C“ + {pa + ko.abR'h^) , (4.4) 

f = F’^+ o;/ c“ + {pa + kaabC%^) . 


Let us also mention that the action of various geometric as well as non-geometric fluxes 
on a given p-form, Xp = A dx^.... A can be equivalently dehned as under 


(cu < 

{Q ^ 

{R * ^)il*2...*p-3 


P+1 


^j\i 3 .*p+l] 4 ” 


1 f P+1 


2 j i^i^2 .''P+ij ’ 2 


1 / p—1 


) Q’^nX: 


jk\i 2 . ip-l] + 2 


3 V 

j ^i[A ^* 2*3 . ip+l] 

1 [ p—1 


0 


^ / p-3 
3! V 0 


) R“‘'X,u\n . 


QAVtIi.fa. 

(4.6) 
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where underlined indices are anti-symmetrized. Moreover, one can notice that the action 
of (non-)geometric-fluxes via <, > and • on a p-from changes the same into a (p -|- 1)- 
form, a (p — l)-form and a (p — 3)-form respectively. Using these generic dehnitions, 
the three-forms pieces, {oJa G°‘) and (Q" Tq) appearing in the superpotential fl2.13p are 
expanded as under. 


where 


(cja G“) = — (cja dx" A dx^ A dx^, 

(Q“ = T^),jkdx^ Adx^ Adx^ 


(cJq, G ^ijk 3 uj[ijc “1“ 2 

- s 1 

('T' \ _ — n 'T' _i_ _ /O 'T' 

-^ajijk 2 ^[i -^mnjk] “r ^ -^n[ijk] 


(4.6) 


(4.7) 


The details of the enumeration of various flux and moduli/axions’s components are sum¬ 
marized in the appendix |Al and guided by the type II orientifold results of [28], one hnds 
that the even/odd-indexed flux components can be equivalently combined as follows. 


Mijk = Hijk + 3 Bynk] - 3 i?nfc] 

7 ^2 _ , ,i O /O 'nmni jd jd 

^ jk ^ jk ^ ^m[j-^n]^ 

Qk^ = Qk^ - {aj} e {1,2, ..,6} 

^ijk ^ j^ijk _ 


(4.8) 


Here we also point out that, these flux orbits are very similar to those of type IIA com- 
pactihed on T®/(Z 2 x Z 2 ) orientifold [28] except an additional pieces Bm[iBnjBpi^ 
contributing to the H-flux orbit. One should note again that R^'^'^Bi^iBmjBnk] piece of 
Hl-flux orbit trivially vanishes as a reflection of the fact that intersection number kabc 
with all three indices being odd, vanishes by the orientifold construction itself. Further, 
despite of the presence of flux components of kind Umi^ and , in present setup, 

we hnd that contributions of type Um[^ Bjk] as well as Bn[iBjk] to the flux orbits, 

which could have been expected from the most generic dehnitions in fl4.7p . are simply 
zero. 


Rewriting the superpotential (W) 

In our present setup, the overall structure gets much simpler because of the absence of 
complex structure moduli as h^_l^{X) = 0. This helps in writing both of the symplectic 
cohomology bases (Mfc, B^) and {ax, h^) as a constant linear combination of elements of 
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real cohomology basis given as under [35] 

oi = —^ A A dz^ — dz^ A d'z"^ A dz^) = /3° + — /3^ 

5^ = - A dz^ A dz^ + dz^ A A = ao + ai + 02 — as (4.9) 

Ao = ^ (d^^ A dz"^ A d^;^ + d^^ A dz'^ A d#) = ao — ai — a2 — as 

^ (dz^ A dz"^ A dz^ — dz^ A dz'^ A dz^) = —/9° + + /3^ + /3^ 

where the following notation have been considered, 



ao 

= 

dx^ A dx^ A dx^ , 

= dz^ A dx^ A dz® , 




= 

dx^ A dx^ A dx^ , 

= dz^ A dz^ A dz® , 

(4.10) 


(y-2 

= 

dx^ A dx^ A dx® , 

(3"^ = dx^ A dx‘^ A dz® , 



as 

= 

dz^ A dx^ A dz® , 

= dz^ A dz® A dz® . 


Subsequently, 

one 

can represent all the NS-NS flux components as Hijk, 


and RR flux components as Fijk- In this 

new basis we have. 


fls 

= 

1 

72 

(ao - f/3°) - (ai - 

i 13^) - (a2 - f /3^) - (as - f 13^) 

(4.11) 


where J ai A following from the dehnition of integration over the six-form 

$6 given in eqn. fl2.2p . The normalization i A = 1 remains intact as / = 1/4 

for the present orientifold. After utilizing the various non-vanishing components of all 
the (non-)geometric fluxes, the explicit form of superpotential fld.lOp becomes 



-(Q^^ - Q%) Ti + (g'^ + Q% + g'^ - g'®2) T 2 + g'^'sT s^ 


Now, with the expansion known, it is easy to make the following connections for the two 
superpotential expressions fId.lOp and 04.121) which are the same [45] . 


= 


<^ 15 ^ ~ <^ 16 ^ ~ 1 ^ 25 ^ ~ <^ 26 ^ \ 0 

1 1 I y 

UJ 35 - 



Q^\ - Q 


-Q^\ + Q^\ + Q^\ + Q^\ 


16 

3 

)16. 


g 


13 


_ [ —<^15^ ~ 1^16^ ~ <^25^ + 1^26^ 




1^36^ ~ 1^45 


-g''^3 + g'®4 

g'^ + g'^2 + g'^ - 
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Rewriting the D-term scalar potential 


For computing the D-term contribution to the scalar potential, we hrst need to know the 
holomorphic gauge kinetic couplings. For that let us follow the strategy of [H] by con¬ 
sidering the expansion of holomorphic three-form Da before the orientifold projection has 
been made. In this case, the single complex structure modulus appears as a deformation 
in one of the coordinates of the complex threefold via + U x^. Subsequently, using 

the dehnitions of and z'^ from eqn. 02.17p along with the modihed z^ coordinated as 
above, we hnd that. 


dz^ A dz^ A dz^ 


{ao + iUai+iUa2-a3) + {-U (3^ + i 13^ + i (3^ + U (3^) 


(4.13) 


where we have used the dehnitions of a* and (3^ as given in eqn. 04.101) . Further, using 
eqn. 04.Op . we can rewrite the above form in terms of the complex bases of even/odd 
( 2 ,l)-cohomology as. 


dz^ A dz'^ A dz^ 


1-iU 


2 


(^0 + i + -r — ~ 

' ^ 1 — tU 


(4.14) 


Under the orientifold projection, the complex structure modulus gets hxed as U = i, 
and therefore the second half piece corresponding to the even ( 2 ,l)-cohomology bases 
vanishes. Recalling the fact that we have hxed the normalization after the orientifold 
projection in such a way that (^o + iB^), and for having a consistent nor¬ 

malization throughout, we can trace back the appropriate expression of the holomorphic 
three-form D 3 in the present case as under. 



V 2 


1-iU 


dz^ A dz‘^ A dz^ 


1 

72 


Ao + iB^ + 


i - U 
l-iU 


(oi — i b^) 


(4.15) 


Now comparing the above form with the generic one as given in the eqn. fl3.16p we hnd 
that Qi = and after using eqn. 03.171) . we get 


C5ii 


2 V 9 A-' A,*.=o 2 


(4.16) 


Subsequently, using the expressions 04.Sp of hux orbits and the constant gauge kinetic 
coupling being 1/2, one gets the following additional pieces in the total D-term contri¬ 
butions [45] . 


u(') - 


(4 Ve+ h {2 sbl + s bl)) + fg s fei (Q'^ - + Q^\ + Q^\) 


+^3 S 62 (Q^^3 + — ti S (cugg^ — a; 45 ^) — t2 S (—+ CU25^ — UJ2G^) 

2 1 


-ts S UJi4 


+ 




(4 Ve+ h {2 sbl + s bl)) -hsb 2 - Q^S) 


—ts bl S (—— Q^^2) — tiS (cjgs^ -|- U/iq^) 


-t2 S (—— a;25^ — ^26^) — tsS Wig'" 
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From this, one has following relations of the even-indexed flnx components in the matrix 
formnlation |45j . 


i 

( a;35^ + 0746^ ^ 

i i 

f a;36^ — Ci;45^ \ 

^OL — 1 

—CJis^ + a;i6^ — 0J2b^ — <^26^ 

, CUal = 

—+ a;25^ — 0J2q^ 1 



1 1 

^ a;i4^ / 


and 


Q 


al 






- 


4.1 Rewriting the four dimensional scalar potential 

Now, nsing these flnx orbits fl4.8p . let ns write the following pieces, which we will verify 
to be a ‘snitable’ rearrangement of the total scalar potential snbject to satisfying a set 
of Bianchi identities 04.11) . 


Vbh — 


Ve 

1 

TV. 


14q - 

yE 

Vff = ri— 


gt gf 


3! 


3 X 


1 


gf,gf,,gf ] + 2x 


1 

2 \ 


Qn™' gf. 


V, 


1 


(+2) X ( 




( + 2) X ( ^ X 1 F,,, 


sVe 


(+2)x (i X 8 ^^ 


(4.17) 


= Generalized tadpoles 

= Generalized tadpoles 


and 


Vbo 


1 


3! 


gu' gjj'gkk' 




1 


(+2)x 



+ 2x 



(4.18) 


where Fijk = (^Fijk 3 uj[^^ Cmi^ - 3 + | C'mljfc]) + Hp-fc has been 

ntilized. 

In order to nnderstand and appreciate the nice strnctnres within the aforementioned 
expressions, we need to snpplement the followings. 
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• We have utilized some Einstein- and string-frame conversion relations given as 

Ve = Vs, gfj = Qij y/s and = g^^ jy/s. The metric is given in eqn. fl3.6p . 

• The Levi-civita tensors are defined in terms of antisymmetric Levi-civita symbols 

eijkimn and the same are given as: = y/\^\ eijkimn = (4 V^) eijkimn while 

gi^kimn _ ^ijkimnI . The presence of extra factor of 4 is 
attributed to the intersection numbers in eqns. fl2.2p - fl2.24p . and one has to take 
care of this throughout for dimensional oxidation process. 

• Further, the symbol denotes the Einstein-frame volume of the four-cycles 

written in components of the real 6D basis of the internal manifold. 

Now, we verify the claim that eqns. fl4.17l) and fl4.18p indeed represent the same 4D 
scalar potential by providing intermediate connections. The hrst six pieces given in eqn. 
fl4.17l) consist of terms which come mostly from the F-term contribution Vp, while the 
last three pieces in eqn. fl4.18p consist of terms which are mostly coming from (a part) of 
D-term contributions which was earlier mentioned as vl^\ However, it is important to 
state that there is still some small mixing between these two sectors of F- and Zi)-term 
contributions. 

The expressions of Kahler potential fl3.9p and the superpotential fl4.12p allow one 
to compute the effective four-dimensional scalar potential which results in 1302 number 
of terms via the F-term contributions. It is important to mention that due to the 
complicated nature of this orientifold setup, unlike the case of jiTL^ x Z 2 ), we do not 
have a well separated rearrangement of pieces to catch inside Vp and independently. 
Nevertheless, we still hnd that some pieces are nicely separable as followings, 

|hniH, 14 f, Mhf, C Vp, (4.19) 

#(Vbh) = 76 , #(Vpf) = 520 #(14if) = 200 , #(14q) = 292. 

Singling out such cleanly separable terms in pieces of fl4.19p takes care of a huge number 
of terms, and so helps a lot in analyzing the remaining terms. The counting of these 
terms goes such that out of a total of 1302 terms of F-term contribution, we are able 
to rearrange 1088 terms in what we call a cleanly separable suitable form (for oxidation 
purpose). Thus we are only left with 214 terms of Vp, which are clubbed to form other 
flux-orbits after being added with vl^\ and leaving behind some terms canceled by 
Bianchi identities. The type of terms which could be captured into the form of what we 
call ‘suitable’ rearrangement are indeed in the form as under, 

Vp + = V hth + Vff + Mhif + Vfq + l^RiR (4.20) 

+ hQQ + Vuu + hiliQ + Mru + . , 

where dots denote a collection of terms which are canceled by using the Bianchi identities 
dUD. Interestingly, we hnd that i7-hux contributions coming from D-term can be 
written in a very similar fashion to those of other pieces. Note that, although the terms 


21 






















^HQ, Vyy, Vqq and Mro are not as cleanly separated, nevertheless they are indeed part of 
Vp + subject to satisfying a set of Bianchi identities fl4.ip . 

Following the strategy of m, we deliberately seek for topological terms 14 if and fjFQ 
in our rearrangement, because of the fact that such terms can be nullihed via adding 
local source contributions such as brane/orientifold planes. Thus we propose additional 
D-term contributions for these local sources written with new generalized flux orbits to 
have a form as under, 

= -fiiF - f"FQ 3 {VpH, VpQ, Bis} (4.21) 

As it has been seen in [29] also, this piece not only has contributions from various 
3/5/7-branes and 3/5/7-orientifolds but also involves some mixing of the other flux- 
squared pieces (killed via NS-NS Bianchi identities) while being written in terms of the 
new generalized flux orbits instead of usual generalized fluxes. 

Finally, we conclude this section with the following rearrangement of total four di¬ 
mensional effective scalar potential subject to satisfying a (sub)set of Bianchi identities 

(ilD, 


Vtot = Vp + vj^'^ -|- — Fh t h + IdpF + Mrk + Vqq -|- Vbo + finQ + (4.22) 

where various pieces are elaborated in eqns. fl4.17p - fl4.18p . 

4.2 Dimensional oxidation 

Following the strategy of [281 EH], we are now in a position to propose a dimensional 
oxidation of the four dimensional scalar potential fl4.22p . The rearrangement of the total 
potential is already made to what we call a “suitable” form. Assuming all the fluxes to be 
constant parameters appearing as constant fluctuations around the internal background, 
now all we need to do is to £x the correct coefficients of the integral measure of the 
lOD kinetic terms. For that, we consider that the non-vanishing components of the lOD 
metric in string frame are 


gMN = blockdiag(^— g^j . (4.23) 

where denote the 4D Einstein-frame metric. Subsequently, the ten-dimensional inte¬ 
gral measure simplihes to, 

J AV=^(....)~ J ^ (y V-9mn^ x(.) (4.24) 

- j X X (.)• 

as J d^x \/—gmn = 4 gives the string-frame 6D volume by using the string-frame 
version of the metric components given in eqn. fl3.6p . Just to recall that a factor of 4 
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appears due to choice of normalization following from the dehnition of integration over 
the six-form $e given in eqn. fl 2 . 2 p where / = 1/4 in the current setup. Now the string 
frame version of the ten-dimensional action, which reproduces the four-dimensional scalar 
potential fl4.22p upon a dimensional reduction, can be conjectured to have the following 
form. 




J \/—g + '^RO^ (4-25) 


where 


'Chh = - 

= — 

Cqq = - 

-Crr = ~ 

= - 

-Cru = — 
-^FF = ~ 


,-20 


,-20 


,-20 


2 

,-20 


3! 

3 X 

3 X 
1 




f 9^^'9kk' 


.i'j'k' 


Qii' Qjj'Qkk' 


,-20 


(+2) X ( 


,-20 


(+2) X 


I’ 


1 \ ^ n 

^mn yU' 


3! 




+ 2x 
+ 2x 



(4.26) 


Now, the (inverse-)metric components are written in string-frame. This completes our 
goal of implementing odd axions B 2 /C 2 into the dimensional oxidation process proposed 
with non-geometric Q-fluxes in [28], and further generalized with the dual P-fluxes in 
[29] . Moreover, the ten-dimensional pieces given in eqns. fl4.25p and fl4.26p can be further 
connected to the ten dimensional DFT action on the lines of |28j . 


5 Conclusion 

Following the strategy of [251 122] . we have implemented the presence of involutively 
odd-axions in the dimensional oxidation process. Considering an explicit example of 
type IIB compactihcation on an orientifold of T®/Z 4 sixfold, we have hrst invoked a 
new version of generalized flux orbits previously proposed in [28] which have led to a 
possible rearrangement of the four dimensional scalar potential. This scalar potential 
has various (what we call) ‘suitable’ pieces which suggest to conjecture a ten-dimensional 
non-geometric action. As opposed to the most of the previous studies with Type IIB 
compactihcation on T®/(Z 2 x Z 2 )-orientifold, this analysis with T®/Z 4 -orientifold has 
not only included odd-axions via having /i)j^(X) 7 ^ 0 but at the same time, it has 
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also incorporated the additional D-term contributions which helps in inclusion of non¬ 
geometric R-flux to have a broader framework having all NS-NS fluxes. This has been 
possible via considering the orientifold involution a such that 7 ^ 0 as opposed to 

the standard approach of studying type IIB-orientifold compactihcation with = 

in which cases, the i?-fluxes could not be turned-on. In support of the proposal 
made in [28], the ten dimensional pieces as given in eqns. fl4.25p and fl4.26p should be valid 
beyond the present toroidal model, and the dimensional reduction on a generic orientifold 
of a complex threefold should induce all the respective F- and D-term contributions 
(subject to satisfying a set of Bianchi identities) in the four dimensional scalar potential. 
On these lines, this work may be considered as another step towards understanding 
the ten-dimensional origin of the most generic non-geometric 4D type IIB supergravity 
action equipped with all standard as well as (non-)geometric NS-NS and RR-fluxes, and 
we hope to get back to it in near future. 
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A Components of fluxes surviving under the orien- 
tifold involution 


Here we recollect various components of fluxes and p-forms which survive under the 
orientifold involution |45] . 

• NS-NS i/g-flux: 

-ffl 355 H2A5, Hi 4 q, H 23 e, H 246 -, H13Q, H143, H235 

where 

Hi 33 = —H245 = —Hi 4 q = —i/236) (A- 1 ) 

H2A6 = —Hi3Q = —i/l 45 = —H235 


• R-R Fs-flux: 


-^135) -^245) -^146) -^236) -^246) -^136) -^145) -^235 

where 

-^135 = —F245 = —Fi46 = —F 236 , 

-^246 = —-^136 = —-^145 = —F235 


(A.2) 


• Geometric a;,Vflux: 
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• Non-geometric Q),^-flux: 
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• Non-geometric i?®^^-flux: 
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• NS-NS Ea-field: 

-Bi2, -Bi3, -Bi4, -^23, -^24, -B34, 

where 

i?i2 = —-B34 = ^2, 

-Bis = “-Bi4 = B23 = B24 = hi 

• R-R C' 2 -field: 

/O /O /O /O /O 

<-^12, <-^13; <-^14, <-^23: <-^24, <-^34, 

where 

Cl 2 = “^*34 = C 2 , 

Ci3 = —Ci4 = C23 = C24 = Cl 

• R-R C4-field: 

C*1234, C'l256, ^*3456, Cissg, ^2456, ^*2356, ^*1456, 

where 

^*1256 = ^*3456 = Pi, 

Cl 356 = ^*2456 = “^*2356 = ^*1456 = P 2 

Cl234 = P3 
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(A.7) 


(A.8) 
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